1 Introduction
==============

Many patients have both coronary artery disease (CAD) and arterial hypertension (HTN). Both diseases become far more frequent with aging. Moreover, HTN is the most common coexisting cardiovascular risk factor with CAD \[[@b1-med-2015-0011]\]. It is more important to control blood pressure (BP) in patients with established cardiovascular disease \[[@b2-med-2015-0011]\]. Following beta-blockers, nitrates and calcium channel blockers (CCBs) are the main antiischemic drugs \[[@b1-med-2015-0011]--[@b4-med-2015-0011]\].

Since the first reports of the antiischemic action of amlodipine in humans, much more evidence has been accumulated from important studies: double-blind Circadian Anti-ischemia Program in Europe (CAPE), the Comparison of AMlodipine vs Enalapril to Limit Occurrences of Thrombosis (CAMELOT) study, Coronary AngioPlasty amlodipine REStenosis Study (CAPARES), The Valsartan Antihypertensive Long-term Use Evaluation (VALUE), Anglo-Scandinavian Cardiac Outcomes Trial (ASCOT), Avoiding Cardiovascular events through COMbination therapy in Patients Living with Systolic Hypertension (ACCOMPLISH), Prevention of Recurent Venous Thromboembolism (PREVENT) \[[@b5-med-2015-0011]\].

Due to the impression that the full antiischemic potential of the drug has neither been recognized nor utilized, the aim of this (narrative) review is to analyze the value of amlodipine versus long-acting nitrates (LAN) in the therapy of stable CAD.

2 Attempt to do systematic review
=================================

A PubMed search (March, 15^th^ 2013) for „amlodipine *nitrate* randomized clinical trial" resulted in only 22 items. Among them, only one is completely relevant to the topic \[[@b6-med-2015-0011]\]. Another refers to a specific form of angina pectoris (AP), e.g., (cardiac) syndrome X \[[@b7-med-2015-0011]\]. Moreover, a PubMed search (on the same date) for „amlodipine *mononitrate* randomized clinical trial" resulted in 4 papers, with only one important for the present analysis \[[@b8-med-2015-0011]\]. Furthermore, a PubMed search for „amlodipine *dinitrate* randomized clinical trial" retrieved 7 papers, and one of them is relevant \[[@b9-med-2015-0011]\].

Thus searching in one of the most frequently used and cited database for „head-to-head" comparisons of amlodipine and long acting nitrate(s) in randomized controlled trials (RCTs), as far as the antiischemic effect is concerned, resulted in only 3 relevant papers. thus, a systematic analysis did not seem adequate, and we proceeded to a narrative review, using three aforementioned trials results.

2.1 Amlodipine *does another job --antihypertensive treatment*, but nitrates do not
-----------------------------------------------------------------------------------

HTN is the most important risk factor for cardiovascular diseases (CVD). If uncontrolled, HTN decreases the lifespan and leads to disabling complications, such as stroke and heart failure. These complications can be largely prevented by proper antihypertensive treatment \[[@b10-med-2015-0011], [@b11-med-2015-0011]\].

Amlodipine is a first-line antihypertensive drug, and many trials have demonstrated its usefulness, including but not limited to the Angio-Cardiff Collaborative Trial (ACCT), ASCOT \[[@b10-med-2015-0011], [@b11-med-2015-0011]\]. Moreover, eleven trials studied ambulatory BP in HTN patients and showed that 24 hours (24-h) BP reduction with calcium channel blockers (CCBs) was greater than that with other antihypertensive drugs. The weighted mean difference was 5 mmHg for systolic and 3 mmHg for diastolic BP. The authors of a scientific statement from the Asian Pacific Heart Association suggested, that CCBs provided superior protection against stroke and that some agents, such as amlodipine, also provided similar protection against myocardial infarction. They recommended CCB as a preferred drug for the therapy of HTN in the Eastern Asian region to improve BP control and to confront the aggravating epidemic of stroke and CAD \[[@b12-med-2015-0011]\].

On the other hand, LAN can not be used in the therapy of HTN: it leads either to insufficient control of HTN and complications such as stroke, heart failure, or to the necessity to add more drugs, producing a polypharmacy. The polypharmacy has the possibility to produce other complications, indeed.

2.2 Amlodipine *does another job: it treats Target Organ Damages (TOD)* in HTN, but nitrates do not
---------------------------------------------------------------------------------------------------

Amlodipine treats TOD in HTN, e.g., left ventricular hypertrophy (LVH). This is very important because hypertensive LVH has been shown to be marker of worse prognosis \[[@b10-med-2015-0011]\]. The Framingham Heart Study showed that prevalence of LVH increases with age (P \<0.001), with 33% of men and 49% of women age 70 or older affected. A significant association between BP and LVH is present and occurs at levels of systolic pressure below 140 mmHg \[[@b13-med-2015-0011]\]. For example, a relatively short treatment (2 years) with amlodipine decreased LV mass and improved diastolic function \[[@b14-med-2015-0011], [@b15-med-2015-0011]\].

A large study, The Losartan Intervention For Endpoint reduction (LIFE) study, showed that reduction in LV mass induced by amlodipine is significantly and independently associated with reduction of major cardiovascular events, stroke and cardiovascular and all-cause mortality \[[@b10-med-2015-0011]\]. Moreover, there is evidence from the ACCOMPLISH trial that not only LVH but also nephropathy may improve with amlodipine. Namely, a benazepril plus amlodipine combination should be considered in preference to benazepril plus hydrochlorothiazide because the former combination slows progression of nephropathy to a greater extent \[[@b16-med-2015-0011]\].

CCBs can also reduce progression of carotid hypertrophy and atherosclerosis and have a superior effect on HTN-related thickening of the carotid artery compared with that of other antihypertensive drugs \[[@b10-med-2015-0011]\]. CCBs are particularly useful in stroke prevention, which is very important in older patients, who are the typical patients with both CAD and HTN.

2.3 Amlodipine *controls morning BP surge*, but nitrates do not
---------------------------------------------------------------

The BP surge occurs between 6 AM and noon: 10--30 mmHg in systolic BP and 7--23 mmHg in diastolic BP \[[@b17-med-2015-0011]\]. The BP surge coincides with an increase in pulse rate, sympathetic tone, and activation of the rennin-angiotensin system (RAS) and is associated with a peak in the incidence of cardiovascular (CV) events and sudden death \[[@b18-med-2015-0011]\]. Thus, unwanted cardiac events are much more common in the first few hours after awakening, which led to the memorable title and message of an editorial: "Should we get up in the morning?"\[[@b19-med-2015-0011]\]. Amlodipine has a consistent 24-hour (24h) antihypertensive effect and is potent in decreasing the rate of early morning BP increase.

Effects of the long-acting angiotensin-converting enzyme (ACE) inhibitor (temocapril) were compared with long acting CCB (amlodipine) on 24-h ambulatory BP in elderly hypertensive patients. Amlodipine showed stronger antihypertensive effect in the night time and morning, especially in non-dippers \[[@b20-med-2015-0011]\].

2.4 Amlodipine *has a better risk/benefit ratio* vs. nitrates (in direct comparative studies)
---------------------------------------------------------------------------------------------

Once daily amlodipine 5--10 mg provides significantly better control of stable angina than isosorbide mononitrate 25--50 mg once daily in a RCT of 97 elderly patients, studied at Hammersmith Hospital, London \[[@b6-med-2015-0011]\]. Moreover, amlodipine (5--10 mg once-daily) was more effective than sustained-release isosorbide dinitrate (two daily doses of 40 mg) as monotherapy in RCT of 59 patients with chronic stable AP \[[@b9-med-2015-0011]\].

Combination therapy of amlodipine and atenolol in RCT CAPE-II trial also reduced ischemia and was superior to isosorbide 5-mononitrate and diltiazem, especially during the drug-free interval with maintenance of ischemia reduction \[[@b21-med-2015-0011]\].

Long-term treatment with LAN may produce less favorable effects on coronary endothelial function and the constrictive response to acetylcholine when compared with long-acting CCBs; this has also been used for the treatment of AP \[[@b22-med-2015-0011]\].

This agrees with the suggestion that amlodipine is particularly helpful in HTN patients \[[@b4-med-2015-0011]\].

2.5 Amlodipine *has pleiotropic effects* (like statins and ACEI/ARB), but nitrates do not
-----------------------------------------------------------------------------------------

In addition to its BP-lowering effects, amlodipine shows vasoprotective effects (pleiotropic effects) \[[@b23-med-2015-0011]\]. The Norvasc for Regression of Manifest Atherosclerotic Lesions by Intravascular Sonographic Evaluation (NORMALISE) was the first clinical study showing that antihypertensive treatment with amlodipine is associated with slowing of coronary atherosclerosis progression and reduced incidence of CV events \[[@b24-med-2015-0011]\]. Among other factors, inflammation and oxidation are involved in progression of atherosclerosis and new lesion development \[[@b25-med-2015-0011]\]. Inhibition of the atherosclerotic formation by amlodipine is correlated with its inhibitory actions toward oxidative stress, inflammation and the production of adhesive molecules \[[@b26-med-2015-0011]\]. Amlodipine exerts also antiproliferative effects on coronary artery smooth muscle cells that are involved in the progression of atherosclerosis \[[@b27-med-2015-0011]\]. Moreover, amlodipine is known to stimulate nitric oxide (NO) production from endothelial cells, and endothelial nitric oxide synthase (eNOS) activation is independent of other pleiotropic effects of the CCB, such as superoxide anion scavenging and ACE inhibition \[[@b28-med-2015-0011]\].

The combination of amlodipine and atorvastatin produced an additional 60% reduction of atherosclerosis compared with that observed using the statin alone. The combination of these two drugs showed synergistic effects on acute NO release/endothelial function, and additive effects in the improvement of arterial compliance in hypertensive hyperlipidaemic patients \[[@b25-med-2015-0011]\].

2.6 Amlodipine can be given once daily, but nitrates can not, which translates into the *better adherence* vs. nitrates
-----------------------------------------------------------------------------------------------------------------------

Amlodipine has a long duration of action (plasma half-life is 30--50h), a very good trough-to-peak ratio, and it can be given once daily \[[@b2-med-2015-0011], [@b18-med-2015-0011]\]. If one or two doses are missed, amlodipine maintains a significant and important antihypertensive effect with the trough-to-peak ratio still over 50% 72-h after the last active dose \[[@b29-med-2015-0011]\]. Long-acting drugs that have the ability to lower BP over a 24-h period with once per day administration, make the antihypertensive effect more homogeneous over the 24-h and minimize BP variability. It is pragmatically important so that drugs should have preference \[[@b29-med-2015-0011]\].

The anti-ischemic action of amlodipine was maintained for more than 24-h after the last dose, meaning that it provides both better efficacy (by covering the entire 24-h period) and better compliance (by tolerating a dose omission of several hours) \[[@b30-med-2015-0011]\].

2.7 Single-pill combination of amlodipine and another drug, useful in CAD, is available, but LAN has no such combination
------------------------------------------------------------------------------------------------------------------------

Many hypertensive patients require three or more medications. Drugs having complementary actions or having an improved adverse effect profile can be combined \[[@b31-med-2015-0011]\].

Fixed-dose combination treatments using an ACE inhibitor, such as perindopril, plus a CCB, such as amlodipine, improve BP control and CV outcomes in hypertensive patients. This treatment is well tolerated and well adhered to by patients \[[@b32-med-2015-0011]\]. Amlodipine can also be combined with an angiotensin receptor blocker (ARB). Amlodipine plus olmesartan provides significant lowering of BP \[[@b33-med-2015-0011]\]. Thus, the combinations of amlodipine and ACEi / ARB is additionally beneficial in CAD patients, while preserving adherence. Such combinations with LAN simply do not exist.

2.8 Amlodipine has *fewer side-effects* then nitrates
-----------------------------------------------------

Amlodipine is generally well tolerated; mild to moderate edema is most common adverse effect \[[@b11-med-2015-0011]\]. Adverse events are more frequent with isosorbide dinitrate than with amlodipine (P\< 0.02) \[[@b9-med-2015-0011]\].

In one study, isosorbide mononitrate produced more side-effects in comparison with amlodipine (46% versus 15%, *P*=0.008)\[[@b8-med-2015-0011]\].

2.9 Amlodipine *does not produce (such) an increase in heart rate* as do nitrates
---------------------------------------------------------------------------------

It has been well-recognized that LAN increase the heart rate (by the activation of sympathetic nervous system, due to vasodilation) \[[@b1-med-2015-0011], [@b3-med-2015-0011]\]. After single dose of amlodipine, BP decreases gradually over 4--8h and may slowly return to baseline over 24--72h. After oral administration, the drug is absorbed gradually, binds to target receptors in a slow, sustained fashion, and produces a gradual vasodilation, reducing the incidence of side effects (such as reflex tachycardia and headache, which can be troublesome with other CCBs) \[[@b4-med-2015-0011]\],\[[@b34-med-2015-0011]--[@b37-med-2015-0011]\]. The antihypertensive effect of amlodipine is not accompanied by an increase in sympathetic activity or activation of the RAS \[[@b38-med-2015-0011], [@b39-med-2015-0011]\]. Diurnal patterns of plasma noradrenaline levels and renin activity 1, 4, and 7 days after the start of therapy with amlodipine were unchanged \[[@b38-med-2015-0011]\]. It is also important that discontinuation of amlodipine treatment is accompanied by slow return of BP to baseline over 7--10 days, with no evidence of a "rebound" effect. \[[@b36-med-2015-0011], [@b40-med-2015-0011], [@b41-med-2015-0011]\]. In rats, reflex tachycardia occurred only after the application of high doses of amlodipine \[[@b42-med-2015-0011]\]. Some authors have shown that amlodipine has an impact on autonomic modulation as a shift to sympathetic hyperactivity; however, this observation did not reach statistical significance. In a group of patients with vagal predominance, amlodipine increased sympathetic and decreased vagal activity. Amlodipine mostly affects autonomic function modulation in patients with vagal predominance \[[@b43-med-2015-0011]\].

On the basis of all the above-mentioned, it can be concluded that using amlodipine in proper doses in antihypertensive therapy can avoid sudden hypotension, which is responsible for an increase in 24-h BP variability and reflex tachycardia, two phenomena that have an unfavorable impact on prognosis in hypertensive patients \[[@b34-med-2015-0011]\],\[[@b44-med-2015-0011]--[@b47-med-2015-0011]\].

2.10 Amlodipine *does not produce tolerance*, but nitrates do
-------------------------------------------------------------

Tolerance is the major problem with the use of nitrates \[[@b2-med-2015-0011]\]. Nitrate tolerance, the loss of vascular responsiveness with continued use of nitrates, means that these drugs gradually lose their effect, both in heart failure and in AP \[[@b48-med-2015-0011]\]. "Monday morning headache" was noticed a century ago in workers in nitroglycerin (NTG) manufacturing facilities: regular exposure to NTG in the workplace used to lead to the development of NTG tolerance (as far as the vasodilating effects are concerned) and headache disappeared. Over the weekend the workers lost the tolerance to NTG and when they were re-exposed on Monday, the prominent vasodilation produced tachycardia, dizziness, and a headache.

Nitrate tolerance may develop when nitrate levels are continuously higher than a certain threshold level, which results in decreased protection against AP attacks and resistance to the short-acting NTG. It is necessary to maintain a daily nitrate-free interval of 10--14h to avoid development of nitrate tolerance \[[@b3-med-2015-0011]\].

Thus, a nitrate-free interval is needed each day, but then nitrate rebound may occur \[[@b49-med-2015-0011]\]. Generally, if dosing frequency is greater than once daily, the intervals between doses can vary and may be protracted. It can be presented in a few ways: the form of drug hollidays when dosing is omitted for one or more days, usually followed by a resumption of full-strength dosing, resulting in excessive drug effects, rebound effects when therapy is suddenly stopped, and a period without effective drug action. Poor compliance has also financial consequences due to more frequent hospitalisations \[[@b50-med-2015-0011]\]. Because of some characteristics such as concentration-time profiles and duration of action, amlodipine can provide better therapeutic coverage than other drugs that have a shorter duration of action. As it has been mentioned, the antihypertensive efficacy of amlodipine persists after 2 „missed doses" \[[@b50-med-2015-0011], [@b51-med-2015-0011]\]. There is no recorded evidence of tolerance to amlodipine over 3 months, and any significant problem associated with its withdrawal \[[@b52-med-2015-0011]\].

2.11 Amlodipine *does not produce rebound*, but nitrates do
-----------------------------------------------------------

Nitrates have a rebound phenomenon during a nitrate-free interval: diminished anginal threshold increase in the number and intensity of AP attacks ("rebound angina") \[[@b49-med-2015-0011]\]. The rebound phenomenon in nitrates was also noticed a century ago in munitions workers handling a NTG-cellulose mixture attacks of AP; sudden deaths occurred most frequently during brief periods away from work, in particular on Sunday nights or Monday mornings. That occurs because withdrawal of coronary vasodilators cause vasoconstriction with acute hypertension. Following sudden cease of large doses of nitrates, AP is itensified due to increased sensitivity to vasoconstrictor stuimuli \[[@b2-med-2015-0011]\].

Patients should know that abruptly discontinued LAN may lead to intensification of their AP \[[@b3-med-2015-0011]\].

Gradual onset of action and long half--life of amlodipine can help avoid withdrawal effects such as the exacerbation of AP and precipitation of myocardial infarction, as the case with beta blockers \[[@b53-med-2015-0011]\]. Amlodipine in stable AP has sustained efficacy and lack of "withdrawal phenomenon" upon abrupt discontinuation (of the type noted with abrupt beta blocker cessation) \[[@b52-med-2015-0011]\]. „Rebounds" (clinical worsening following the abrupt cessation of the drug therapy) are well known for beta-blockers and nitrates. If there is nitrate rebound and beta-blocker rebound at the same time, it can be even life threatening for the patient. It is important that there is at least one long-acting anti-ishaemic drug such as amlodipine. For example, if the patient misses a morning dose of beta-blocker and LAN, it can be risky, but if the patient misses a morning dose of beta-blocker, he/she is covered by the amlodipine that he/she took the night before. It is less possible that the patient miss both evening and morning dose \[[@b54-med-2015-0011]\].

2.12 Amlodipine *can be combined with* phosphodiesterase-5 inhibitors (Sildenafil and Cialis), but nitrates can not
-------------------------------------------------------------------------------------------------------------------

Phosphodiesterase-5 (PDE-5) inhibitors are selective blockers of PDE-5, and they catalyze the hydrolysis of cyclic guanosine monophosphate (cGMP) to its corresponding monophosphates. cGMP is a potent vasodilator and NO donor \[[@b55-med-2015-0011]\].

Recent studies have shown several beneficial pleiotropic cardiovascular effects of PDE-5 inhibitors in patients with erectile dysfunction and multiple comorbidities, such as CAD, heart failure, hypertension, and diabetes mellitus. The use of PDE-5 inhibitors in these patients has been very effective, safe, and well tolerated. Drug interactions have been minimal, except for nitrates. Their interaction may result in severe vasodilation and hypotension \[[@b2-med-2015-0011], [@b55-med-2015-0011], [@b56-med-2015-0011]\]. If a patient takes organic nitrates (in any form, either regularly and/or intermittently), co-administration of sildenafil is contraindicated \[[@b56-med-2015-0011]\]. Co-administration of the PDE-5 inhibitors sildenafil, tadalafil, or vardenafil with nitrate should be strictly avoided within 24-h of nitrate administration because of the risk of profound hypotension \[[@b3-med-2015-0011]\]. Coadministration of sildenafil did not significantly affect the pharmacokinetics of amlodipine \[[@b56-med-2015-0011]\]. There are some possible, but not yet confirmed, advantages. For example, amlodipine (possibly by prevention of the calcium overload) can attenuate myocardial postischemic LV dysfunction (myocardial stunning) in comaprison with isosorbide mononitrate. It might be the 13^th^ advantage of amlodipine \[[@b8-med-2015-0011]\].

Thus, the question: „Which antiischemic drug is better for stable CAD patients with HTN, amlodipine or LAN?" may be asked also the other way round: «Which drug is better for patients with HTN and CAD?« Guidelines for HTN do not suggest nitrates, indeed.

3 Conclusion
============

RCTs comparing antisichemic efficacy of amlodipine and long-acting nitrate are surprisingly rare, disproportionate to the paramount importance of CAD worldwode. ESC Guidelines cite results of meta-analysis that the use of CCBs results in fewer angina episodes per week vs. long-acting nitrates. Moreover, we have listed here 12 more reasons to prefer amlodipine over long-acting nitrates, especially in stable AP patients with HTN. It may be the way to decrease polypharmacy without loosing efficacy.
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